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During the first two years of this project we accomplished significant progress in
several areas:

1.

2.
3.

Implementation and application of general resistivity models in the high-
performance, adaptive MHD code, BATS-R-US,

Implementation and application of a multispecies MHD technique, and
Implementation of Hall MHD in BATS-R-US.

Significant progress has been accomplished in all three areas. Below we summarize
our main accomplishments in more detail.

1.

We developed and implemented a new method to include resistivity effects in
MHD. This technique ensures conservation of mass, momentum, energy and
magnetic flux even for complicated, time-dependent resistivity models. The
method has been implemented in the BATS-R-US parallel adaptive MHD code
as well as in the Space Weather Modeling Framework (SWMF). The application
of this new technique resulted in several science publications and
presentations.

We developed a new, conservative method to solve the multispecies MHD
equations and implemented the method in BATS-R-US and SWMF. The
method has been applied to Saturn and Mars, two high priority target of
NASA. The new method has been used to accomplish new scientific results
that were published in peer-reviewed journals and presented at national and
international conferences. It should be noted that one of the publications was
in Science, the most prestigious peer reviewed journal.

In the second year of the project we implemented the Hall MHD term in
BATS-R-US and presently are in the process of extensive testing. The
implementation ensures high computational performance, excellent parallel
scaling and it is compatible with the general philosophy of block-adaptive
AMR. In Hall MHD the electric field is modified from the resistive MHD
expression by including the Hall term, jxB/n (j=electric current density,
B=magnetic field, n=concentration). This seemingly simple modification is
quite challenging to implement in a conservative, accurate and efficient
manner. There are at least two challenges: (i) there is a second order spatial
derivative that cannot be rewritten into a simple Laplace operator, and (ii) the
maximum wave speed of the equation increases from the fast magnetosonic
wave to the whistler wave speed that is approximately inversely proportional
to the wave length. The first problem is especially difficult because of the
adaptive block structure of the BATSRUS code. It took a lot of careful
derivation and algorithmic development to obtain a spatially second order



accurate discretization at resolution changes. The second problem is also very
important, because it limits the maximum explicit time step to extremely
small values. It was solved by using a very efficient implicit time-stepping
method.
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